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Abstract

The process QQ to Qfl_ + hadrons is studied. The Ore-Powell formula

is generalized for massive photons. It is pointed out that the behaviour
of the decay rate in the large q2 region depends strongly on dynamics.
This reaction may also provide means to determine the weak neutral

couplings of heavy quarks.



We study quarkonium decays into a Tepton pair and hadrons. The contribution
of the QCD annihilation diagram (see Fig. la) has been calculated as a function
of invariant mass (qz) of the lepton pair, giving a generalization of the

Ore-Powell formula (1,2)

. The QCD diagram, however, might not give the dominant
contribution in the large q2 region, where non perturbative effects are not
included and are expected to be important. In view of this we have made a
necessarily model dependent estimate of final state interaction effects. This
kind of contributions may overwhelm those of the QCD diagram by orders of

magnitude for large q2. In the most optimistic case the process could be

easily observable also in the large q2 region.

So we emphasize the importance of studying the high q2 region experimentally.
Even an upper bound on the branching fraction might provide important in-

formation about QCD and the nature of OZI suppression.

In case the most optimistic expectations are fulfilled in which the 0ZI
suppression is relaxed at relatively large q2 we have the fascinating possi-
bility of determining the weak neutral coupling of heavy quarks. As described

below a rate measurement would be sufficient.

In QCD perturbation theory in lowest order, the process QQ— E+2_ + hadrons
is desc¢ribed by the annihilaticn diagram of Fig. la. The cumbersome but
straightforward calculation yields *
vo-
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* The calculation has been done by computer, using REDUCE



where ﬂ (qz) is given as
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\] q2 denctes the invariant mass of the lepton pair, }J. is the Tlepton

mass and the function f(qz) is a result of the interaction
A=Wy
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The function F(xl, Xos w) is symmetric in X s %o and has the form

L
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where Xp + Xy + Xy = 2 and the coefficients a, can be given as foliows
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At w = 0 we reproduce the well-known Ore-Powell feormula. The integration
(2) has been done numerically, subsequently the function f(qz) has been

approximated by a polynom (see Fig.3) and the total rate (3> 949 (’,’-E’) has



been calculated analytically

r(*S,—qq 11 c‘——*,—.(ﬁn ~4ou) M(*$7937) (4)

“where Mv is the mass of the quarkonium and )A denotes the mass of the
leptons. The total rate is enhanced by the log factor lkuﬂﬂv/)l,) given

by the conversion of the almost real photons to lepton pairs. As such these
events carry no new dynamical information as compared with the normal
radiative decays. However, since they are characterized by collinear leptons
and therefore easily detectable, they provide independent means for an

accurate determination of the radiative decays.

An analysis of the large q2 region (q2;> 1 GeVZ), where the logarithmic
enhancement is no Tonger dominant is more interesting because it gives a
new independent test of perturbative QCD. In this region the branching ratio

given by the diagram of Fig. la is

2Q g K q¥ >4 ) 5 g (WM~ 0.5%)

P (S, — dovect ha.dvous)
where Qq is the electric charge of the heavy quark and o(s is the running
coupling constant of QCD. This ratio is independent from the wave function

of the quarkdnium and has only Togarithmic dependence on the heavy quark mass.

In the larger q2 region, where the emitted hadron system is relatively soft,



other mechanisms than the annihilation one can also contribute. For

example (see Fig. 1b)

AR — hadrons + (AQ Jwoctual (6)
— ppT

The lowest order QCD contribution in the regiony q220.8 MV is tiny,

-
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where € is (MV—‘{qZ)/MV. At the top quark (M = 40 GeV) we obtain
&

»

B, = 0.2x 10

The role of possible final state interacticns (hatched bloh in Fig. ib),
expected to be important in the high q2 region, is very difficult to
estimate. The most conservative lower bound is obtained by mimicing the
+’_q+ 2,Jr calculation for the hadronic vertex coupling assuming

that

?4-(“3_‘%,) Yrr) = 3':.?'—7*{*1% M:' { MX’% ‘/R.") (8)

where R is the relevant Tength scale for the bound state. For logarithmic
potential one expects this coupling to be independent of the quarkonium

mass {3). In the Targe q2 region the q2 dependence might be also neg]igib]e.+

* Assuming the validity of some pole dominance models, the contributions of
different radially excited states tc overlap integrals have alternating sign,

but an exact cancellation is not expected.
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With our normalization the observed value of 3,,{,1__7 yrr is

9y 2
4r Gur
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the effective matrix element being defined as '.f.‘ = 3,6,, e’ the

rescnance formuia corresponding to Fig. 1b reads
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where P"g(a\*) nas the structure cf the decay width of -{J'-o n-l' S
scaled to the corresponding kinematical region, T ng(qz) is the
leptonic width of the relevant quarkonium state. -For the top quark the
branching ratio BL equals (4-—.3-3) x\SG depending on the choice of the
Teptonic width. This result, however, must be a serious underestimate for
two reasons. (a) The small value of the effective coupling (9) is in part
at Teast due to the presence of an Adler zero (4). This is not the case for
this inclusive precess and some exclusive channels as well. (b) An inclusive

reaction expected to be substantially larger than a particular channel. We -

think that a branching ratio as large as B 107 - 1073 is not excluded

L
by phenomenological considerations.

If BL is large it implies a softening of COZI suppression at large q2. This is
an interesting possibility. It seems to us that studying J/\y or Tdecays to a

high mass /u,r/C and soft hadrons, the existence or absence of this effect can
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be verified. Even an experimental upper limit will constraint the form

the Zweig suppression mechanism one must have at altl qzﬂ

If the 0ZI rule turns out not to be effective in the Targe q2 region, we
have the possibility of determining the weak neutral axial coupling of

heavy quarks. To this effect we consider the reaction (see Fig. 2)

BQ (®S+ ) —» C-odd hodvou stale + I (11)

From expekimenta] point of view a reievant state can be e.g. & or Cb and
any number of J° . Because of C-parity, the process requires the exchanges
of two photons, therefore the ratio of the electromagnetic and weak decay
rates becomes of order O (4 &' Ge ma u')") ~ "/méi Cen Ged)
where mq is the quark mass. The background due to direct eIectrpmagnetic
processes can be shown to be negligible as well, by choosing an appropriate
geometry, in the PETRA, PEP energy region. It is amusing to point out that
in this process the weak interactions are dominant over the electromagnetic
at relatively Tower energies and no delicate interference measurement is

needed.

To estimate the branching ratio for (11) we start by calculating the rate
for the simplier process QQ(3SI)—a }(4-if{’ in the standard nonrelativistic

quarkonium model (2). We have obtained for the branching ratio

BR = T (*S-» '8').\1'/;'): M (*S,~=yptie) aplerton_
Ut C(>s,» ptp)

L
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(12)



Numerically

. -~ L
BR = (4.51&53)* (4-53*L6’8m;).7(z¢-s)uo

In case of the process with hadrons {11}, in place of the factor 1%&'
in Eq. (12) we have a factor given by the OZI suppression. Following the
argument of the previous section this factor may be larger than 2 /o
in the relatively high q2 region (albeit the phase space is smaliler),

In the optimistic case of setting it equal to 0.1 we obtain

BR = ( '5—:-1--_5")*16“0??): {in GeV). So for a heavy quark of

weak —
mass 20 GeV we have BR == (0-8—:-_2-)*\55- . Even with some further
reduction the process {11} might be observable with present fuminosities.
We are aware that our optimistic estimate is on shaky ground, but we want

to emphasize that if it is measurable it would give probably the only way

to determine the Ztt couplings.
We hope tc have demonstrated the importance of the process QQ—v?fQ: + hadrons,
both for the understanding the mechanism of the OZI rule and for the possibility

to study weak decay of heavy guarkoniums.
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Figure Capticns

Fig. la
Fig. 1b
Fig. 2
Fig. 3

Lowest order diagram in QCD for the process

93(38,) — g9 + {1

Diagram representing possible final state interactions

for the process (QQ) = hadrons + [fi'
Ciagram for the weak decay of heavy quarkonium

f(qz) plotted as a function of qz/MVZ.
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C-even hadrons
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